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River Forecast Centers

Click RFC area for
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Current Research at OHD

* Hydrology Group
» Hydrometeorology Group

 Ensemble, Data Assimilation and
Verification Group

* Hydraulics Group
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T'he Future of Hydrologic
Forecasting at the NWS

Enhanced use of remotely sensed information on a wide range of
atmospheric and land-surface characteristics, from both active and passive
satellite-based and/or airborne sensors;

Higher-resolution models;

Explicit consideration of the uncertainty in the forcings and forecasts (An
ensemble approach is currently being pursued and will be fully implemented
for short-, medium- and long-term forecasting);

Multi-model ensembles to address the problem of uncertainty in the forecasts
arising from structural errors in the models (These ensembles may be
formed by combinations of lumped or distributed, conceptual or physically
based models);

Explicit consideration of the errors introduced by sub-optimal parameter
values and initial conditions;

Data assimilation of in-situ and remote-sensed state variables; and

Verification of single-value (deterministic) and ensemble (probabilistic)
forecasts.

Waten Predictions

National Weather Service




T'he Future of Hydrologic
Modeling

« Current Shortfalls of Physically Based Hydrologic Models

- The models are typically based on small-scale hydrologic theory
and thereby fail to account for larger-scale processes such as
preferential flow paths;

The data necessary to estimate parameter values are not
available at high enough resolution, certainty, or both;

The data necessary to drive the models are not available at high
enough resolution, certainty or both; and

Despite the rapid increase in computer power and decrease in
hardware costs, the computational demands are still a barrier,
particularly for performing data assimilation and ensemble
modeling in real-time.
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How advances in predictability science transition to
improved operational predictions

WatéhPredictions Adapted from: NRC 2002
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Hydrologic Models

« Continued research and development on physically based
models offers the potential for:
More accurate forecasts in ungauged and poorly gauged basins;

More accurate forecasts after changes in land use and land
cover, such as forest fires and other large-scale disturbances to
soil and vegetation;

More accurate forecasts under non-stationary climate conditions;

Modeling of interior states and fluxes, which are critical for
forecasts of water quality, soil moisture, land slides, groundwater
levels, low flows, etc.; and

The ability to merge hydrologic forecasting models with those for
weather and climate forecasting.

Waten Predictions
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parology Group

In these examples,
frequencies are derived
from routed flows,
demonstrating the
capability to forecast
floods in locations
downstream of where the
rainfall occurred.

Flood frequencies are
expressed in terms of the

Average Recurrence Interval
(ARI) associated with the
annual maximum flood.
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recipitation Observations- Where
Wwe are

* Precipitation is the primary driver for streamflow, affecting
discharge through surface runoff, subsurface flow,
groundwater recharge, and snowmelt

 Varying time scale of the watershed response to
precipitation input, depending on the watershed size and
characteristics, from minutes to months.

» For areas well covered with radar and raingauges:
- Multisensor Precipitation Estimator

- USACE-developed P3 algorithm, enhanced and used
at the ABRFC

- Mountain mapper, developed at the CBRFC

Waten Predictions
fa

National Weather Service




' Winter Effective Radar Coverage

IControl Gages Overlays Options Fields DrawPrecip Help

WINTER EFFECTIVE RADAR COVERAGE
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NOAA Precipitation Observation
Algorithms

OAR/NSSL NWS NESDIS/STAR

WSR-88D/ WSR-88D/  ABRFC/P3 GOES/
NMQ MPE SCaMPR

Rain Gauge
Evaluation

Streamflow

Wagek Predictions Evaluation
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ecipitation Observations- Where
we want to be

Continuous, routine integration of all available sensor data and where needed,
numerical prediction model estimates.

Characterizations of the statistical distributions of estimation error will be used by the
multisensor algorithms, and will be available to end users

For radar:
- implementation of dual-polarization algorithms
- introduction of reflectivity profile and range corrections
- automated selection of Z-R relationships
- Spatial error understanding and modeling
- Gap-filling radars in mountainous regions
For satellite:

- Implementation of algorithms for automatic real-time calibration of infrared
temperature vs. rain-rate relationships based on collocated satellite and radar data

- Anticipating the GPM deployment, OHD will explore applications of the Tropical
Radar Rainfall Measurement Mission (TRMM) observations

- Improved precipitation estimates by combining new satellite algorithms with
numerical model prediction results (NOAA-CREST, Sayesteh Mahani)

Waten Predictions
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Precipitation Forecasting-
Where we are

» Short-term nowcasting (< 3 hours)

* Near-term forecasting (3-12 hours) by a combination of
radar-feature extrapolation and output from the Global
Forecast System (GFS) and North American Mesoscale
(NAM) models.

- Manual modifications based on experience and
physical logic are made to gridded precipitation fields
by NCEP forecasters, and by HAS forecasters at
RFCs. Output from the two models is subjectively
weighted according to recent performance in the areas

of interest.

- Longer-term forecasts are based on GFS and NAM
output

Waten Predictions
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Hydrometeorology Group
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Current Radars (WSR88D)

New Radars (Dual Polarization)
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Water Predictions

High-resolution Precipitation
Nowcaster

RAINRATE (mm/hr)
22:57:19 UTC 07{14/2000

1-HR RAINRATE FORECAST (mm/hr)
21:57:22 UTC 07{14{2000

o

1-HR OBSERVED RAINFALL (mm)

22:57:19 UTC 07{14/2000

1-HR FORECAST RAINFALL (mm)

21:57:22 UTC 07{14/2000
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Ensemble Forecasting and Data
Assimilation- Where we are

» Until now, operational ensemble forecast has been limited to Ensemble
Streamflow Prediction (ESP) runs, essentially a long-range probabilistic
forecast.

« Since AHPS, NWS is committed to generate streamflow forecasts at all time
scales: customers and partners clearly indicate a need for short-term
forecasts.

Ensemble pre-processor, to generate QPF and QTF short-term
ensembles from single-value weather forecasts.

Ensemble post-processor to account for hydrologic uncertainty and river
regulation

Hydrologic Ensemble Hindcaster, to support large-sample verification of
streamflow ensembles

Ensemble Verification System for verification of precipitation, temperature
and streamflow ensembles

« Partners: NCEP, HEPEX, Universities, RFCs, NASA Goddard, etc.

Waten Predictions
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Ensembles- Where we want to be

Hydrologic Ensemble Prediction System
Global The Big Picture

coupled Precipitation,
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surface

surface-  land
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model surface
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ultimodel Ensemble Framework
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Hydrolo g cmodels ‘I

lateral inflow, etc. | data

Uncertain curre nt Hydraulic mo dels 'I Uncertain model
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Operational hydrologic Data
Assimilation

- MODIS-derived snow cover Atmospheric forcing In-situ snow water
: equivalent (SWE)

AMSR-derived SWE! : Snow models
: SNODAS SWE

- e e e frnssannsnannanad CPPA external
MODIS-derived surface : (Clark et al)

temperature Potential evap. (PE)
Precipitation

Soil moisture accounting : |n-situ soil moisture
AMSR-derived SM' models

NASA-NWS (Restrepo (Pl) Runoff
Peters-Lidard (Co-Pl) and Hvdroloai ti
Limaye (Co-Pl) et al.) yarologic routing

models

MODIS-derived cloud cover

Streamflow or stage

Flow CPPA Core, AHPS, Water
Resources (Seo et al.)

Satellite altimetry Hydraulic routing models River flow or stage

Flow
Waterfredlc

ti
fofaPen nding assessment reservoir, etc., models
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Data Assimilation

ILLUSTRATION OF DATA ASSIMILATION WITH DISTRIBUTED MODEL

i

OBSERVED FLOW

—— SIMULATED FLOW ‘
—— SIMULATED FLOW AFTER VARIATION SSIMILATION (VAR)
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Ensemble Kalman Filter
Assimilation of SWE- U. of Colorado, NIWA

FREMONT PASS  Crtl Pnt. FREMONT PASS 5-D Sq EnKF
; = — T T ] T

N

Model ol N l\

1 1 1 1 1 1
09,/95 12/95  02/96  05/96  07/96 09/95 12/95  02/96  05/96  07/98

Interpolated SWE
Mean & Std. Dev

UNIVERSITY CAMP  Crtl Pnt. UNIVERSITY CAMP  5-D Sq EnKF
T T T T T T

800 800

¢ S 1 Lt g ’ | | !
09/98 12/98 02/99 05/99 07/99 03/98 12/98 02/99 05/99

Hydro-Climate Research
WatéhPredictions —--""N‘LWA — ’ \a"d oo aning
fq Taihoro Nukurangi

Slater & Clark, 2006




nsemble Forecasting: EExperimental
Ensemble Forecasting System
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Streamflow Forecast Verification

The 2007 BAMS article by Welles et al. “Hydrologic Verification: a call for
action and collaboration” clearly showed the need for hydrologic verification

The Department of Commerce also requested a formal hydrologic verification
program

The only way to know if all the improvements to hydrologic forecasting
mentioned earlier are paying off is by having a comprehensive verification
system

OHD, in collaboration with the U. of lowa, is already developing such a
system. It comprises

Data Archiving, including forecaster modifications
Computing Verification Metrics

Uncertainty Analysis

Diagnostic and Prognostic Verification
Communicating results

Waten Predictions

National Weather Service




Ensemble Forecast Skill- lowa
Institute of Hydraulic Resarch

- Skill depends on the
Minimum 7-Day Flow threshold

Uncertainty is greater for
SUEINES

Summary measures
describe attributes of the
function
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-
O
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»

Water.Predictiofs
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Hydraulics Group

* Where we want to be:
- Integration of river models with estuary/ocean models
- Use of 2Dimensional models where required
- Coupled Surface-groundwater models

- Water quality forecasting models: temperature,
contaminants, nutrients

Waten Predictions
fa
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Hydrologic Forecasting in the
Coastal zone

The SERFC is at Normal Operations Serving the Middle Atlantic region since 1937.
For your information...
SCATTERED CONVECTIVE STORMS EXPECTED REGION-WIDE ¥
«:NEW...CLICK HERE TQ SUBSCRIBE TQ E-MAIL ALERTS FROM THE SERFC...NEW... 7 All Drought Watches in Maryland have been dropped. (6/15/2008)

Pgt?eitp::i':m G slPleci]vitatioll. OI’CS‘:::;:LEZ’Q' Fogﬁ:::“};el Olrsewe(IPreci»ivmian Forecast Precipitatio
SOUTHEAST '/ -+ . | CURRENT RIVER FORECASTS

RIVER FORECAST CENTER

Jul 9, 2008
12:03 PM Eastern

RIVER CONDITI

Major
Flooding
Moderate

N Coastal Areas
Outside

the Forecast

Waten Predictions
fa

National Weather Service




"' art s The Community,
ydrologic Prediction

System
CHPS

Pedro Restrepo
Senior Scientist
Office of Hydrologic Development

National Weather Service

Earth Systems Research Laboratory
April, 2009
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Why CHPS?

NWSREFS is a great architecture that was developed for use on mainframe computers
» lacks modern modularity
« difficult to add new models and techniques
* inhibits collaboration and research to operations
 very fast
CHPS will allow:
» greater ease in implementing new models
« greater collaboration with agency partners, universities, international community
» probably not as fast

Waten Predictions
fa

National Weather Service




Open System...

* No implications when introducing new model concepts
* Maintain current models/investments
 Easily introduce new advances

HD Model

o Current
Organization

University

Waten Predictions
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Open interface to models

gCE)IT:(_)I_(_eré‘i,r\;tSe"igence in Generic Module

Model intelligence vested in
model adapter

Native Native
format format

National Weather Service
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Implementation Strategy

Clear planning and execution
» Gap analysis for essential operations
- Use of existing calibrated parameter sets is essential
Preprocessing and post-processing utilities
AWIPS [l integration
Staff training
Change in conditions of work (NWSEQO)
Technical support
REC contributions (individual, groups, regions)
Many others...

Waten Predictions
fa
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Implementation Strategy

Two tiers of deployment
« CAT RFCs (AB, CN, NE, NW)
Initial hardware delivery in October 2008
Initial migration software and training in January 2009
Operational hardware delivery summer 2009
Parallel operations by October 2009

* Remaining 9 RFCs
Initial hardware delivery in October 2009
Migration/Systems training — Fall 2009
Migration begins January 2010
Parallel operations by October 2010

RFCs not required to drop NWSRFS until “fully ready”

Waten Predictions
fa

National Weather Service




Project Timeline

Phase 1 - Pilots

Pilot 1 (e.g. Juba County)

Pilot 2 {e.g. partial forecasting systern)
Workshops O (o]

Phase 2 - Project Preparat
Gap analysis
Implementation specification FS
Implementation specification calibration tools
Implementation specification of hosting / hardware
Software development...
Adapters NWS models {by NWS)
Adapters HEC models (by HEC/DH)
NWS specific operationsitools
Systern configuration support tools
System management tools (no remote access)
Impiementation...
Setup of data feeds at 4 RFCs
Hardware installation at 4 RFCs
Pilots for other RFCs ??
Training
Workshops

Software deveiopment...
Calibration environment
Placeholder for additional work
Configuration & setup for 4 RFCs...
Delft FEWWS configuration
Pre-releases
Acceptance testing
Commissioning period...
Parallel running (operational testing hy RFCs)
Development of forecasting procedures (by RFCs)
Training ||
Go live
Workshops o Q (e}

[rzzzzZz7z22222222222]

[rzzzzzZ22222 2222 7

Implementation. ..
Setup of data feeds at 9 RFCs
Hardware installation at 3 RFCs
Configuration & setup for 4 RFCs...
Delft FEWWS configuration
Pre-releases
Acceptance testing
Commissioning period...
Parallel running {operational testing by RFCs)
Development of forecasting procedures (bhy RFCs)
Training
Go live
Workshops

V77777777777

Phase 5 - Support & Maintenance

NdAdlLIOlldl Yvedllicl uCl VILC



FEWS Hardware
Infrastructure

[cliont
[cliont
Cliont

Operator Client

Duty System s Standby System

Forocasting Sholl M astor Controllor M astor Controller Forocasting Sholl
Sorvor Sorvor Sorver Sorvor
4 4

Master Controller Master Controller
F orecasting Shell JBoss Jboss Forecasting Shell

Forecasting Shell Forecasting Shell

Central Central
Database Database
(PostgreSQL) (PostgreSQL)

F orecasting
Archive
(PostgreSQL)
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Main Map Display

i1 FEWS for CHPS Pilot - December 2007 (Stand alone)
Fie Tools Options Help

R ADO O v| = | @ spstisl Display Manual Forecast Interactive Forecast Forecast Management System Monitor Modifier Display ‘ ?

') Sartiam Basin (NARFC) N s
() Red River Basin (NCRFC) A
) llinois Basin (ABRFC)

State Variables

@ Cougar Dam
Crookston Muncipal Airport
(@ Daly Lake Snotel
"7 Detroit Dam
@ Detrott Dam
Ml Detroit Dam Inflow Lower
Detroit Dam Inflow Middlle
Ml Detroit Dam Inflow Upper
(@ Detroit Lakes Airport

'V Eim Springs
@ Eugene WSO Airport

A Fargo =

River Discharge Observed Instartaneous j

River Discharge Adjusted Instantaneous
River Discharge Observed Mean

River Discharge Simulated Instartaneous
Reservoir Inflow (Observed)

Reservoir Outflow (Observed & Projected)
Reservoir Outflow (Override)

Reservoir Inflow Observed Mean

Runoft Inflow to Charnel

avw
09.07.2008 08:40:32 INFO - RollingBarrel.Info: Rolling barrel completed

09.07.2008 08:40:22 INFO - RollingBarrel.Info: Rolling barrel started

09.07.2008 08:40:21 INFO - Application.Startup.Finished: The application finished starting up
09.07.2008 08:40:21 INFO - Gui Initialized: Graphical user interface initialized.

09.07.2008 08:40:19 INFO - Started FewsPiServicelmpl on localHost: 8100

09.07.2008 08:40:17 INFO - Session.Created: Stand-alone system

09.07.2008 08:40:12 INFO - LocalDataStore.Info: 1 MB expired time series data

09.07.2008 08:40:08 INFO - Configuration.Check Finished: Check of configuration finished.
09.07.2008 08:40:08 INFO - C ion. Available: C ion available in local
09.07.2008 08:40:08 INFO - Configuration.Check Started: Check of configuration started.
09.07.2008 08:40:06 INFO - icati itialization Finished: The ication finished inif

-2008 06:00:00 ever refreshed

National Weather éﬁce



nteractive Forecasting Display

eractive Forecast Display: Run task

| Santiam (MARFC)
Green Peter (GPRO3)
Foster Dam (FOS03)
Waterloo (ATLO3)
Detroit Dam (DETO3)
Little North Santiam (MEHO3)
Mehama (MEHO3)
- @ Jefferson (JFFO3)
|- Red River (NCRFC)
® Baker (BKRMS)
® Sabin (SABMS)
@ Hawley (HAYMS)
# Dilworth (DILMS)
# Dilworth Local (DDBMS)
- linois (ABRFC)
- Elm Springs (ELMA4)
Savoy (SVYA4)

= s )
W Siloam Spr. (WSCO2)
Kansas (KNSO2)

Watts (WTTO2)

Eldon (ELDO2)
Tahleguah (TALO2)
Tenkiller Dam (TENO2)

Forecast TO 04-10-2008 06:00:00
What If scenario  not selected
State not selected

ﬁ Properties ... |

Waten Predictions
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Time Series Moditier Display

{1 Time Series Modifiers Display

5 Santiam Basin (MARFC)
=03 Green Peter

Snowmett (Upper)
Snow Conditions (Upper)
Snowmett (Lower)
Snow Condtions (Lower)
Runoff (Upper)
Runoff (Lower)
Unit-HG Routing
Green Peter Dam - Inflows
Green Peter Dam - Pool Elevation
Green Peter Dam - Release
() Foster Dam
1) South Sartiam @ Waterloo
() Detroit Reservoir
1) Little North Sartiam near Mehama
[ North Santiam @ Mehama
() Santiam @ Jefferson
|5) Red River Basin (NCRFC)
) linois Basin (ABRFC)

0000000000

Rain-Snow Elevation and Freezing Levels

Modifier Information
|| Modifiers o Creste New | | Upload modifiers

Name : [Ram_cPro3L

Start time : 53-31 -2008 06:00:00 3: End time : h4-20-2003 06:00:00

Enable from : 54-1 0-2008 06:00:00 3: Disable after : h4-20-2008 06:00:00

Operation : addd ~ | value : |

Descrigtion : [

Parameter : Precipitation Rain + et (RAIM) Location : Green Peter Inflow Lipper (GPRO3IL)

1\ Modifier value not vali |

Create

Modified Time Series

| []k|

Locations
reen Peter Inflow Upper

Parameters
Air Temperature Areal Mean
Precipitation Areal Mean
Precipitation Rain + Melt

Waten Predictions
fa

Snowmelt (Upper)

% 8 & 3

Ternperature (degf)
NN e ow
8358 8

o N
5 3
a 8

Precipitation {in)
o
i

Precipitation (in)
o o
3 b

o
i
3

e LA mm am

04-04-2008 04-11:2008
00:00:00 00:00:00

W Precipitation Areal Mean Green Peter Inflow Upper ™ Precipitation Areal Mean Green Peter Inflow Upper

W Precipitation Rain + Melt Green Peter Inflow Upper ® Precipitation Rain + Melt Green Peter Inflow Upper

I~ Show all modifiers Apply Upload

—Air Temperature Areal Mean Green Peter Inflow Upper — Air Temperature Areal Mean Green Peter Inflow Upper

04-18-2008
00:00:00

National Weather Service




SAC-SMA State E

(L] sartiam (MARFC)
(L] Buffalo (NCRFC)
> llinois (4BRFC)

G ELMAS

@ SVYAd

@ sLsad

@ WTTO2

@ WSCO02

@ KNSO2

@ ELDO2
@ TENO2

State Modifier Display

=10l

TALO2 UZTWC

~*=UZTWC original (TALOZ UZTWC)
& UZTWC corrected (TALO2 UZTWC)

Model states in -

~=TALOZ INFW
~*=TALOZ INFW

Model results in mm

04-04-2008 11-04-2008 18-04-2008
00:00 00:00 00:00

LZTWC LZFSC
=220
—165
=110

E1 -04-2008 121003: Enter (new) state dateime [V Display Climatology [V Display Originalvalues

Save | Cancel | Close I Help

kerver: http: focalhost: 8100/FewsPiService

National Weather Service



Time Series Display

Time Series Display

)l bofes ] ] Slo]o

1) Santiam Basin (MARFC)
=) Red River Basin (NCRFC)
1) Stoney Creek at Baker
1Y South Branch Buffalo River
-4 Butfalo River ot Hawley :ﬁ'}"‘aﬁﬁg‘fzwm
® Snow Met :
® Snow Condtions : IAIQNE Hawiey
® Runoff
® Uit Hydrooraph
LY | Leve
I\ PPGF Forecast - Flows
® ESP Forecast - Precip &
® ESP Forecast - Statistice
18 Bufalo River st Diiwrth
1) Dilworth Local
71N Red River Forecast
V1Y Wincis Basin (ABRFC)

Flows & Levels

—[1] SQIN Hawley
—[2) SQIN Hawley

Discharge (cfs)

—[]SSTG Hawley
—[2] SSTG Hawley
~+-STG Hawley

Water Level ()
s o

2

\

N

04012008 04032008 04052008 04-07-2008 04092008 04-11-2008 04-13-2008 04-15-2008 04-17-2008
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00

[1] 04-08-2008 12:00:00 Current RedRiver_Forecast (2] 04-08-2008 12:00:00 Current RedRiver_Historical

04-19-2009
00:00:00 00:00:00

Help

Current system time: 04-10-2008 06:00:00 iw:m:zn FHCWIZO hsplay time: 04-10-2008 06:00:00 hand alone. i_am refresh: 07:36:47 i_ol:al Datum
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Time Series Display

I
Updated Fore
(m3fs)

Middleton
MDDLT1
ARMS_MIDDL
m

131-03-2008 06:00:00 -

131-03-2008 08:15:00
131-03-2008 08:30:00
131-03-2008
131-03-2008
131-03-2008 09:151
131-03-2008 09:30:00
131-03-2008 09:45:00
131-03-2008 10:00:00
131-03-2008 10:15:00
131-03-2008 10:30:00
131-03-2008
131-03-2008
131-03-2008
131-03-2008
131-03-2008
131-03-2008
131-03-2008
131-03-2008
|31-03-2008 12:45:00
131-03-2008 13:00:00

i

Discharge (m3/s)

]l e 5 )

200

01.042008
00:00:00

02042008
00:00:00

03042008
00:00:00

1] 31-03-2008 15:00:00 Current Fluvial_FastResponse_Forecast_MOGREPS

(1] Q.updated.forecast Middit!

[ ]

1] Q.updated forecast Middit! (MOGREPS))

Time Series Display

Time Series

play

(Probabilistic)

e | 3] e[ e fes = k] B

(Curtent system time: 02-04-2008 06:00:00

lmm::S lmm:aS i:laplaynm:m.m.mnaus:m:nu

Io;aram Cliert

},sst refresh: 06:00:56

=
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=113 Noi

1908 9000000000000 00005000060000000000

110 MOGREPS ARMA/ERROR _A_I

rthumbria
Alwinton Bridge
Bedburn
Burn Hall
Crag Hall
Featherstone
Haydon Bridge
Heugh Mill
Lowlands
Ofterburn Mill
Stanhope
Ugly Dub
Wear Head
Witton Park
Wooler

les
Alma Weir (Ripon)
Bainbricdge
Bradbury
Cherry Farm
Cow Green Reservo
Gouthwaite
Grassington
Grinton Bridge
Harwood
Howve Bridge
Ings Bridge
John St. Darlington

Moorhouse

Ness

Pateley Bridge
Preston-Le-Skerne
Rutherford Bridge

Scarborough
_>l_I

South Park
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40.0

30.0

275

250

225

Discharge (m3/s)

200

175

150

125

100

01-04-2008
00:00:00

00:00:00
[1] 31-03-2008 15:00:00 Current Fluvial_FastResponse_Forecast_MOGREPS

02-04-2008
00:00:00

=+ [1] Q.updated.forecast.min Micdit1
-+ [1] Qupdated forecast. max Middit1

-+ [1] Q.updated forecast median Middit1
—[1] Qupdated forecast Middt1
~*-Q rated Middt1
—[1] Qupdated forecast.25 Middt1
——[1] Qupdated forecast.75 Middt1
—[1] Q.updated.forecast.33 Midct1
~——[1] Qupdated.forecast 66 Midct1

- |

kwrem system time: 01-04-2008 07:15:00

}37: 20:24 }‘19:20:24 }Jispley time: 01-04-2008 07:15:00

}Jpevmov Client

i_aﬂ refresh: 07:15:00 Fooal Datum
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Time Series Display (ESP)

Time Series Display

L) Sartiam Basin (MARFC) ESP Forecast - Precip & Flows
-4 Red River Basin (NCRFC)

) Stoney Creek ot Baker : —[1]MAP.CUM Hawley (ESP)
Y South Branch Buffalo River :

=1 Butfalo River at Hawley
® Snow Met
® Snow Condtions
® Runoff
® Uit Hydrograph
-/ Flows & Levels
I\ PPGF Forecast - Flows
e

® ESP Forecast - Statistice
18 Bufalo River st Diiwrth
1) Dilworth Local
71N Red River Forecast
1Y linois Basin (ABRFC)

Precipitation (in)

~-GIN Hawley
~—[1] QINE Hawley (ESP)
—[2] QINE Hawley

Discharge (cf)

04142008 04292008 05-14-2008 05292008 - 06-28-2009 07-13-2008 07-28-2008
00:00:00 00:00:00 00:00:00 00:00:00 0:00 00:00:00 00:00:00 00:00:00

[1] 04-08-2008 12:00:00 Current RedRiver_ESP_Forecast (2] 04-08-2008 12:00:00 Current RedRiver_Histarical

Help

Current system time: 04-10-2008 06:00:00 i]7:39:32 h339:32 bisplay time: 04-10-2008 06:00:00 hand alone. i_am refresh: 07:36:47 i_ol:al Datum
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e Series Edito -8 x|

MENEEEEN ®

Gancel | Apply
T | I | S | 500 | E | I
River Discharg| of o Discharge C| River Discharge A|River Discharge &|
(cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
datetime Little North Sar| North Santiam | North Santiam | Little North Santiail North Santiam at B| Little North Santiar]
LSMo3 BCLO3 BCLO3 LSMO3 BCLO3 LSMO3
ARMA_LSMO?| ARMA,_BCLOZ| ImportHFSDE |ImportHFSDE | ARMA_BCLO3_Hi
0] 2 €] @l
-2008 06:00:00 1525.39] 562.78 1525.39] i A
2008 07:00:00 1536.47]
-2008 08:00:00 1536.47]
2008 09:00:00 1536.47]
-2008 10:00:00 1536.47]
-2008 11:00.00 1536.47|
-2008 12:00:00 1558 68
-2008 13:00.00 1558 68|
2008 14:00:00 155865,
-2008 15:00:00 1547 60}
2008 16:00:00 1547 60)
-2008 17:00:00 1558 68|
-2008 18:00:00 1547 60)
2008 19:00:00 155865,
-2008 20:00:00 1558 68|
2008 21:00:00 155865,
-2008 22:00:00 1558 68|
2008 23:00:00 1569.81
1569.51

-01-2008 01:00.00 1569.81

-01-2008 0200:00 1580.44)

-01-2008 03:00:00 1558 68|

-01-2008 04:00:00 1536.47]

-01-2008 05:00:00 1525.39]

-01-2008 05:00:00 1547 60)

-01-2008 07:00:00 1536.47]

-01-2008 08:00:00 1536.47| ;I
2000 : : —[1] QINE Litlle N Santiam
2750 — (2] QINE Big Cliff

: : ~-QIN Big Cliff
2500 ! *~QIN Litle N Santiam

P (3] QINE Big CIiff

g 2000 —[3] QINE Little N Santiam

g 1750 N

T 1500 o e et St L

§ 1250

3 1000

; A — ]
04-01-2008 4 008 14-05. 14-07- 14 200 04-11-2008 04-13-2008 04-15-2008 04-17-2008 04-19-2008
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00

[1]04-12-2008 12:00:00 Current LSMO3_Forecast 2] 04-12-2008 12:00:00 Current DETO3_Forecast (3] 04-08-2008 12:00:00 Current Santiam_Historical

Close Help |

rrent system time: 04-10-2008 06:00:00 FS:DS:CE IIC!I]S:US i)isnlay time: 04-10-2008 06:00:00 Ftand alone i_am refresh: 08:02:01 i_ol:a1 Datum .‘
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Spatial Display (NWP)

\#4 Marina Reservoir OMS Spatial Data Display 22-03-2007 02:00:00

RANMOO = rumune —H——+F

Subcatchment Data
-~ % Extracted rain Historical
# Extracted rain Forecast
s GaugeGrid
s GaugeGrid2
# Radar Forecast
- # Combined Forecast
Weather Overview GSF data
# Precipitation forecast
- Temperature forecast
-4 Evaporation
# Imcoming radiation forecast
~- @ Relative humidity forecast
- @ Wind vector

1000.0 km
—

Stand alone
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&1 Spatial Display

IS=TES|
QAN Ofere T ZmrumKe +

104-04-2008 06:00:00

(=1 Observed Precip and Temp Santiam N
# Mean Areal Temperature (MAT) A
® Mean Areal Precipitation (MAP)

(=1 Observed Precip and Temp Red River
# Mean Areal Temperature (MAT)

# Mean Areal Precipitation (MAP)
® Grided Precipitation (MAPX)
® Mutisensor Precipitation Image (MAPG)

(523 Observed Precip and Temp llincis River
® Grided Precipitetion (MAPX)
.

o

X Guartitative Precipiation Forecast (FMAP)
# Evapotranspiration Potential Grid (MAPE)

Moving Accumulation
disabled

Close

Current system time: 04-10-2008 06:00:00 lay time: 04-10-2008 06:00:00 Pand alone i.as‘l refresh: 07:54:21
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Spatial Display

Y Spatial Display 18-10-2006 12:00:00
@ 4 > Il B KD

Rainfall

# Rain Gauges

#® Catchment Average

# Radar Actuals

# Radar Forecasts

# NWP Forecasts

Met Office Wind forecasts
L llVind forecast Speed & Direction
Met Office Surge forecasts
# CS3Surge

PRTF Model parameters
Flood Map Forecast

urrent system time: 18-10-2006 21:00:00 F :02:16 3:02:15 isplay time: 18-10-2006 21:00:00 peralor Client ast refresh: 21:00:27
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Spatial Display (Catchments)

{64 FEWS-NL

TR
2 ) O © [Rhine-MaasBasin v | Z 801 b I E KM @

-3 Observed

|
07-07-2008 07:00:00
N

*

-3 KNMHRLAM
- ® KNMI Rainfal (mmih)
- ® KNMI Temperature (0C)
£ DWD-LM
15 DWD-GME
1) ECMWF_DET
() ECMAF_EPS
(2 COSMO-LEPS

Current system time: 09-07-2008 08:00:00

A

}]9:52:40 hisplay time: 09-07-2008 08:00:00 kperato' Client i_aﬁ refresh: 07:49:46
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LLongitudinal Dis

i NFFS Northwest Region (Eden Pilot Catchment). Pre-Release 04, March 2004: Longitudinal Display.
’ ll . ‘I I} ' 2’1999-01-06 00:00

) Shortcuts
= ) River Eden
L Mirthing Confluence to

Water Level [m]

storwdy blidgé
ronfluence

@

= {petterl

-

4.0 50 6.0 7.0 8.0 2.0 10.0
Chainage [km]

Il Minimum B Longitudinal Profile M Maximum B River bed level

urrent system time: 1999-01-06 04:00 lstand-alone i_asi refresh: 2004-05-27 10:34
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Web Server & Web Reports

NFFS Web Server - NFFS Approved Forecast icrosoft Internet Explorer

J File Edit ‘View Favorites Tools Help

| Bak - = - D 4t | Qsearch (Favories | B S %]

J Address IE'I http:ff146.213.31.103:7002{webserver/viewreport.do

2| Region Overview Report - Overall
SouthWest

B Region
Region: SouthWest ENVIRONMENT

B Fluvial Status AGENCY & print report

: Time of Report: 06/03/2006 10:27 GMT
B Bristol Avon g

[#-North Mid Somerset Status of Fluvial and Coastal Forecast Locations
B-Parrett Icons

B-west Somerset V Fluvial location
@ coastal location
A\ Waming icon

[l Hampshire &von ;
“Upper Hampshire Avon to Ameshurs N i & catchment cent]

“Wylye to Norton Bavant
“Wylye to South Newton

Fluvial thresholds/s
Clear

ladder to Tisbury

Flood Watch

= Upper Hampshire Avon to Upavon E Flood Warnin

“Upper Hampshire Avon to Upavon ¥
lacder to Witon
:“Wlnon based on Tisbury

[ Frome and Piddle 5
“not known v Coastal thrzlsholdsr
ear
- Stour
B-yest Dorset 5 s Flood Watch
3 Flood Warnin
B-East Devon
B-Exe
B North Devon

;“Barnsﬁiple Yeo to Collard Bridge &

4| »

>
=l
EE] Return to main page

1 comment found that applies to the report type NFFS Approved Forecast, the 'Overall' NFFS report section, the NFFS report location Region: SouthWest at the time of the report
(06/03/2006 12:03).
Location Created (GMT) Comment Applies Between (GMT)

Hegen SHLERALLS 51 this is a comment on the region home page of report L2005 205
SouthWest by ws_all & pag P 07/03/2006 12:03

€] pone =
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Forecast Manager

Forecast Management

[Forecast Overview | current Forecasts |

Forecasts in Central Database

TO I Dispatch time

I Workflow What-if scenario

I Descripti...

FDO

08-07-2008 01:00:00 08-07-2008 06:22:40
08-07-2008 20:00:00 08-07-2008 20:00:00
08-07-2008 19:00:00 08-07-2008 19:01:23
08-07-2008 19:00:00 08-07-2008 18:00:02
08-07-2008 13:00:00 08-07-2008 13:01:18
08-07-2008 13:00:00 08-07-2008 13:00:03

Maas_Update
Maas_Forecast_DWD-LM
Rijn_Forecast_HIRLAM
Maas_Forecast_HIRLAM
Rijn_Forecast_HIRLAM
Maas_Forecast_HIRLAM

Scheduled C...
Scheduled C...
Scheduled C...
Scheduled C...
Scheduled C...

Albrecht We... i’

Dowwnload

Fitter By Selection

Remove Fifter:

Forecasts in Local Datastore

T0 I Dispatch time

I Workflow What-if scenario

I Descripti...

R REEEEEE

09-07-2008 01:00:00 08-07-2008 08:30:03
09-07-2008 06:30:00 08-07-2008 03:04:24
09-07-2008 08:00:00 09-07-2008 08:01:38
09-07-2008 08:00:00 08-07-2008 08:00:03
08-07-2008 01:00:00 08-07-2008 06:23:35
09-07-2008 03:00:00 08-07-2008 04:30:04
09-07-2008 03:00:00 09-07-2008 03:00:01
09-07-2008 02:00:00 08-07-2008 02:02:37
09-07-2008 02:00:00 08-07-2008 02:00:05
09-07-2008 01:00:00 08-07-2008 01:01:29
09-07-2008 01:00:00 08-07-2008 01:00:03
08-07-2008 21:00:00 08-07-2008 21:02:33
08-07-2008 21:00:00 08-07-2008 21:00:05
08-07-2008 20:00:00 08-07-2008 20:01:42
07-07-2008 07:30:00 07-07-2008 09:06:49
30-06-2008 20:00:00 30-06-2008 20:00:00

Maas_Update
Maas_Forecast_COSMO-L...
Rijn_Forecast_DWWD-LM
Maas_Forecast_DWD-LM
Rijn_Update
Rijn_Forecast_ECMAF-EPS
Maas_Forecast_ECMAF-E...
Rijn_Forecast_ECMAF-DET
Maas_Forecast_ECMAF-D...
Rijn_Forecast_HIRLAM
Maas_Forecast_HIRLAM
Rijn_Forecast_DWD-GME
Maas_Forecast_DWD-GME
Rijn_Forecast_DWD-LM
Rijn_Forecast_COSMO-LEPS
Rijn_Forecast_DWD-LM

Schedule CU...
Maas COSM...
Scheduled C...
Scheduled C...

Scheduled C...
Scheduled C...
Scheduled C...
Scheduled C...
Scheduled C...
Scheduled C...
Scheduled C...
Scheduled C...
Scheduled C...
Rijn COSMO ...
Scheduled C...

Albrecht We...

Open

Run

Redowwnload

Fiter By Selection

Remaove Fifter:
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ystem Monitor (LLog Browser)

System Monitor

Profile for full synchronisation between Operator

nt and Master Controller.

Log level

Log creation time

Event Code

Log Message

taskRunld

WARN

03-07-2008 08:21:15

Validation. SoftLimit

SoftLimit min violated for Discharge (G.m) at Rockenau-SKa&, value 00 b...

NLRMMCO0:000140...

WARN

039-07-2008 08:21:15

HydroMeteoTransformation QHRATI...

Value(s) exceed limits of rating curvetable at Trier and can not be conve...

NLRMMCO0:000140...

WARN

09-07-2008 08:21:15

HydrohMeteoTransformation QHRATI...

Value(s) exceed limits of rating curvetable at VWurzburg and cannot he c...

MNLRMMCO0:000140....

WARN

038-07-2008 08:21:15

HydrohMeteoTransformation QHRATI...

Value(s) exceed limits of rating curvetable at Raunheim and cannot he c...

MNLRMWMCO0:000140...

WARN

039-07-2008 08:21:15

HydroMeteoTransformation QHRATI...

Value(s) exceed limits of rating curvetable at Koeln and can not be cony...

MNLRMMCO0:000140...

WARN

039-07-2008 08:21:15

HydroMeteoTransformation QHRATI...

Yalue(s) exceed limits of rating curvetable at Bonn and can not be conve...

NLRMMCO0:000140...

WARN

09-07-2008 08:21:15

Validation. SoftLimit

SoftLimit min violated for Discharge (Q.m) at Cochem, value 22.499966 b...

MNLRMMCO0:000140...

WARN

038-07-2008 08:21:13

Validation HardLimit

HardLimit min violated for Water level (H.m) at Raunheim, value 0.969999...

MNLRMWMCO0:000140...

WARN

03-07-2008 08:02:42

ErrorModel InvalidData

All ohserved values missing for paramter location(s): Discharge (Q.m) (Q....

MNLRMMCO0:000140...

WARN

039-07-2008 08:02:42

ErrorModel InvalidData

All ohserved values missing for paramter location(s): Discharge (Q.m) (Q....

NLRMMCO0:000140...

WARN

09-07-2008 08:02:42

ErrorModel InvalidData

All ohserved values missing for paramter location(s): Discharge (Q.m) (Q....

MNLRMMCO0:000140...

WARN

03-07-2008 08:02:42

ErrorhModel InvalidData

All ohserved values missing for paramter location(s): Discharge (Q.m) (Q....

MNLRMWMCO0:000140...

WARN

03-07-2008 08:02:42

ErrorModel InvalidData

All ohserved values missing for paramter location(s): Discharge (Q.m) (Q....

MNLRMWMCO0:000140...

WARN

039-07-2008 08:02:42

ErrorModel InvalidData

All ohserved values missing for paramter location(s): Discharge (Q.m) (Q....

NLRMMCO0:000140...

WARN

08-07-2008 08:02:42

ErrorModel InvalidData

All ohserved values missing for paramter location(s): Discharge (Q.m) (Q....

MNLRMMCO0:000140...

WARN

03-07-2008 08:02:42

ErrorhModel InvalidData

All ohserved values missing for paramter location(s): Discharge (Q.m) (Q....

MNLRMWMCO0:000140...

WARN

03-07-2008 08:02:42

ErrorModel InvalidData

All ohserved values missing for paramter location(s): Discharge (Q.m) (Q....

MNLRMMCO0:000140...

WARN

039-07-2008 07:51:18

HydroMeteoTransformation QHRATI...

Value(s) exceed limits of rating curvetable at Koeln and can not be cony...

NLRMMCO0:000140...

WARN

039-07-2008 07:51:18

HydroMeteoTransformation GHRATI...

alue(s) exceed limits of rating curvetable at Trier and can not be conve...

MNLRMMCO0:000140...

WARN

038-07-2008 07:51:18

HydrohMeteoTransformation QHRATI...

Value(s) exceed limits of rating curvetable at Bonn and can not be conve...

MNLRMWMCO0:000140...

A

~Log creation time

Acknowledge I

119-07-2008 08:47:15
Jatay ] |

Refresh periodically

=]
2]
v

Endtime warn =l

Log level

iew period External event code |

Token in message |

Max.number of messages displayed
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&1 Threshold Skill Score

(L Rin Forecasts

‘waarschuwings_niveau

fasel
overstroming_lage_overloopgebisden
waarschuwing_riveau_Rin
monitoring

evacuatie

nationaal_crisiscentrum
ontwerp_niveau

Waarschuwing Dikoverstroming

Skill Scores Display

Matching Events | Forecast Avaiable For Events | Events List|

Location Name [ hreshoi [ Obs Parameter | ObsEventTme | For Parameter

[ For Event Time

[ pitference

[ Forecasto

Borgharen-Dorp waarschuwings_niveau 24-03-2008 07:00:00

26-03-2008 07:
27-03-2008 21
21-03-2008 21:

:00:00

100

100

Indicator Criteria

Probahility of Detection :
False Alarm Rate :

Critical Success Index:
Critical Reliability:

First Forecast of Threshold:
Bias of paired thresholds:

BB.7
B6.7
285

00

19 hours
-1:30

Min TO difference:
Max TO difference:

Max time forecast too early:
Maix time forecast too late:

Up crossing only:

Max dispatch time difference:

6 hour

30 hour

30 hour

6 hour

6 hour
v

Change Criteria

National Weather Service



Potential CHPS in
vint IWRSS (NOAA+USACE)

USACE

District 1 * Model interoperability policy

ol — Collaborative development of DB
Server s .
adapters (CHPS) and plug- Synchronization

ins (CWMS) for new models RFC 1

CHPS

District 2 Client
CWMS

Server National
DB CHPS DB

Synchronization Server Synchronization

District 3 « RFC COOP
CWMs - Emergency Support

Server '
* Geo-Intelligence Support
— Enterprise GIS DB

District 4 - Data Preprocessing (e.g. MAT) Synchronization SFC 2
CWMS * Real time Intercomparison CHPS
Benver + Real time Verification Client
* R20 Testbed (“Experimental RFC”)
« District COOP * Flash Flood Guidance
* National Interoperability
» Seamless access to USACE/NWS data
Water Predictions Enhanced Geo-Intelligence Support
fq o * National distribution of USACE WR information (now mandated)

National Weather Service




Questions?
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Thank You
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Backup Shides
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National Research Council
Reports

Assessment of Hydrologic and Hydrometeorological Operations and Services, (1996)

- Recommends that the NWS develop a formal, long-term plan for h\x;jrologic
science research, which is part of an ongoing dialogue between NWS
headquarters and its field offices as to the most apgroprlate research and product
development for hydrologic services.

Toward a new Advanced Hydrologic Prediction Service (AHPS) (2006)

- AHPS developers are encouraged to work closely with satellite precipitation
groups to ensure that AHPS hydrologic requirements for precipitation are
considered in other federal acfjvities, such as the National Aeronautics and Space
Administration’s Global Precipitation Measurement mission.

The NWS should strengthen quantitative precipitation estimation (QPE) and
quantitative precipitation forecastngQPFF)) for hydrologic prediction through an end-
to-end evaluation that assesses QPE/QPF quality and impacts on flood ‘and
streamflow products for basins of diverse size and topography.

The NWS should strengthen connections between DMIP Phase |/DMIP Phase I
and AHPS goals.

The NWS should clarify the criteria and decision—making process for selecting the
next generation of hydrologic model(s) for AHPS, usingan advisory group tha
involves modeling exPerts rom inside and outside of the NWS to ensure_that the
state-of-the-art modeling advances are incorporated objectively into NWSRFS.

The NWS should invest in the next generation of NWSRFS that includes a flexible
framework that allows alternative models, methods, or features that can be tested
verified, and implemented expediently. A'total redesign of the NWSRFS is needed
for AHPS to fulfill its scientific and technical goals.

Waten Predictions
fa
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National Research Council
Reports

» Completing the Forecast: Characterizing and Communicating Uncertainty for
Better Decisions Using Weather and Climate Forecasts. (2006)

- OHD should implement operational hydrology databases that span a
large range of scales in space and time. The contribution of remotely
sensed and onsite data and the associated error measures to the
production of such databases should be delineated.

OHD should organize workshops with participation from all sectors of the
Enterprise to design alternatives to the AHPS ensemble prediction
system components and develop plans for intercomparisons through
retrospective studies, demonstration with operational data, and
validation, and for participation in testbed demonstration experiments.

OHD should develop methods for seamlessly blending short-term
(weather) with longer-term (climate) ensemble predictions of
meteorological forcing within the operational ensemble streamflow
prediction system. This will require NCEP model output downscaling and
bias adjustment, and real-time data availability.

Waten Predictions
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Background and history

Why are we doing this?

What are we doing?

How are we doing it?

When will we do it?

Samples of existing interface displays

How can this mesh with USACE efforts?

Waten Predictions
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National Weather Service
River Forecast System

Operates in 3 integrated modes.
» Calibration <== parameter estimation
» Operational <== short term deterministic forecasts
 Ensemble <== |longer term forecasts

Waten Predictions

National Weather Service




-

Historical

Data Model '
Analysis Calibration Hydrologic
And

parameters, Hydraulic
areal time information
series Models

Historical
Data

presenl time

I-'Io?ldrom.et myécéglé)glc/ Hydraulic Statistical
nalysis Analysis
short term
Forecast and Predictions
Data predicted current states
values

Real-Time
Observed

fsh files Interactive .
Interactive

Forecast Adjustments
Program (IFP)
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NWSREFES - OFS

User Interface
IFP
except
does not
maintain

MAPX 0.

Preprocessor Forecast
Observed Functions Function
and
Projected MAP, MAT, RRS, etc FCEXEC
Data
PPDB

Forecast
Initialization

Preprocessor Preprocessor :
P P and Maintenance

Initialization Parametric
and Maintenance Data ECINIT Forecast

Parametric
PPINIT PPPDB & Carryover

Data
Reorder and

Wateh Predictions Compress FCDB

) —— REORDER Sl
National Weather Service




Development Time LLine

George Smith (NWS/OH) presented the IHFS (precursor to CHPS) at the April ‘96 DOH
Workshop

OHD initiated exploration in '03
 Infrastructure analysis
» Several candidates considered including Delft-FEWS in Oct '05

CAT (CHPS Acceleration Team) formed at NHIC meeting in Jan ‘06 to accelerate pursuit of
CHPS

« AB, NC, NW volunteered to work w/ OHD. CN later drafted.

 Criteria established through evaluation of NWSRFS strengths and weaknesses (Apex
facilitation, available from HSEB)

Waten Predictions
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Delit-FEWS Prototype
_— Evaluation

» Facilitated by OHD, Apex, RTi, and WL-Delft Hydraulics

» NWRFC and NCREC implementation

- Strategy to include basic functionality (including SAC_SMA) but use
surrogate FEWS models/functions/displays

* Apr ‘07 (NWRFC) workshop to review results
- “Very promising”, but more evaluation needed...
» MODS-like capability
» Client-Server application
» Integration of SNOW-17
» Displays with English Units
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FEWS Prototype Evaluation

Follow-on work to address Apr ‘07 concerns
« NW, NC, and AB RFCs. CN for ResSim project.
* Dec 07 (NCRFC) workshop to review results

Solid progress on MODs capability
Client-Server demonstrated

SNOW-17 integration easier than expected
Display units mostly taken care of

ESP capabilities demonstrated and discussed
Followed by training on FEWS configuration

FEWS is currently running and identically configured at AB, CN, NC, and NW RFECs.
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CAT Recommendation
Approved by Gary Carter — January 17,

Proceed with implementation of Delft-FEWS as the CHPS software infrastructure.
Target operational use at all RECs within 3 years.

Resource implications
» Major OHD focus
» Terminate “dead-end” NWSRES enhancements
» Align/re-evaluate HSMB-oriented “Research to Operations” (RTO) projects

Retain CAT with a revised implementation charter
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Implementation Strategy

Port models that require calibration

+ BASEFLOW, SARROUTE, CONS_USE, LAG/K, LAY-COEF, TATUM,
+ TIDEREV, MUSKROUT, RES-J;, RSNWELEV, SNOW-17, CHANLOSS,
+ STAGE-Q, SSARRESV, STAGEREV, UNIT-HG, RES-SNGL, SAC-SMA

Create adapters for several new models (e.g. HEC-RAS)

Rely existing data and display: utilities with identified enhancements

» CLEAR-TS, CHANGE-T, ADD/SUB; SET-TS, MULT/DIV, NOMSNG, MERG-TS,
+ MEAN-Q, WEIGHT-TS, LOOKUP3, LOOKUP, DELTA-TS, ADJUST-Q,
« ADJUST-H, ADJUST-T, PLOT-TS, PLOT-TUL
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Implementation Strategy

Provide for forecaster run-time modifications

IGNORETS, FEMAP, SSARREG, MFC, RRICHNG, SWITCHTS, TSCHNG,
CHGBLEND, WECHNG, RAINSNOW, RRIMULT, WEADD, TSADD, SACCO,
AESCHNG, ROMULT, SETMSNG, UADJ, ROCHNG, UHGCHNG, SETQMEAN,

UHGDATE, QCSHIFT, QPSHIFT, HECRAS

Provide for existing level of ensemble operations, products, and services
» Port ESPADP to use FEWS architecture and data resources
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